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Exploring potential future pathways for developing Asia’s energy consumption, CO2 emissions and 
infrastructure investment needs is essential to understanding how the countries of this rapidly growing 
region may contribute to the global climate targets set out in the 2015 Paris Agreement. To this end, this 
study employs the state-of-the-art global integrated assessment model MESSAGEix-GLOBIOM to 
investigate mid-century decarbonization strategies for developing Asia to 2050. Our results indicate that 
a radical change in the energy portfolio is required to reach the target of ‘well below’ 2°C. Specifically, 
our scenarios point to a rapid reduction of fossil fuel utilization, enhancement of low-carbon energy 
supply, and boosting of energy efficiency efforts. Such a transformation leads to a deep cut in CO2 
emissions by 78% and 93% by 2050 in scenarios consistent with the 2°C and 1.5°C targets, respectively. 
Electricity generation and final energy consumption become dominated by low-carbon energy by 2050 
in these scenarios. In terms of investment needs beyond a baseline scenario, the 2°C and 1.5°C pathways 
imply that the scale of low-carbon investment may need to double and triple, respectively. These 
increases would be partially offset by disinvestment in coal, oil and natural gas extraction and 
conversion infrastructure. Decarbonizing the energy system also impacts the capital needed for making 
progress on other sustainable development goals (SDGs), such as air pollution, clean water and food 
security.   
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Key policy insights 
• Governments will need to employ a variety of policy mechanisms, including mandates and 
subsidies for renewables and electric vehicles, efficiency standards for end-use technologies, 
and bans on free-emitting fossil fuel plants, among others. 
• Relative to the baseline scenario for developing Asia, the scale of investment into low-carbon 




such as green finance are essential for this region to mobilize a broadened channel of investment, 
particularly from the private sector. 
• Low-carbon investment would significantly reduce the capital investment needed to achieve the 
SDG target for air quality, but increase the requirements for meeting targets on clean water and 
food security, though only to a small extent. 
 
1 Introduction 
The multi-dimensional targets defined by the 2015 Paris Agreement and UN Sustainable 
Development Goals (SDGs) imply the need for drastic changes in energy investment patterns over the 
coming decades, both in total volume and composition (Hasegawa et al., 2018; McCollum et al., 2018a; 
McCollum et al., 2018b). National policies also shape the landscape of energy investments in important 
ways. Developing Asia encompasses three major economic blocs, including China, India and Southeast 
Asia and other countries (SEAO)1. With 52% of the world’s total population, in 2018/2019, developing 
Asia constituted 23% of the world’s economic output (World Bank, 2018), consumed 36% of the total 
primary energy and contributed 42% of the global CO2 emissions (BP, 2019). Energy consumption and 
CO2 emissions in developing Asia have undergone dramatic increases since the early 1990s (Figure 1). 
Fossil fuel still dominates the energy mix in this region. In 2018, coal contributed 52% of the total 
primary energy consumption, and oil and gas combined 35% (BP, 2019). Despite this dominance of 
fossil fuels, the past decade has witnessed the rapid development of renewable energy, with an average 
growth rate of 10.6% per annum. Driven by rapid economic growth fueled by carbon-intensive fossil 









Fig. 1 Primary energy consumption and CO2 emissions of developing Asia from 1990 to 2018. Data 
source: BP statistics (BP, 2019) 
 
The countries in developing Asia collectively invested US$ 534 billion into the energy sector in 2018, 
accounting for roughly 28.9% of the world’s total energy investment (IEA, 2019). China made up the 
largest share of these investments within the region (roughly two thirds), while India and SEAO split 
the remainder more or less evenly. In terms of the investment portfolio, the three sub-regions varied 
considerably: whereas investments into fossil fuel extraction (including coal mining and oil and gas 
extraction) in China have been declining and renewables have been growing, fossil fuel investments 
continue to dominate in India and SEAO. China’s investments into solar, wind and large hydro 
generation technologies have been experiencing explosive growth. For example, China’s total installed 
capacity of solar energy increased from 0.8 gigawatt (GW) in 2008 to 131 GW in 2017 – a more than 
160-fold increase (China Electricity Council, 2018) – making it the largest country for solar energy 
production in the world. Meanwhile, investments into domestic fossil fuel extraction (including coal 
mining and oil and gas extraction) in China have declined since 2013 (China National Bureau of 
Statistics, 2017). Net imports of oil and gas in China are still increasing, but with a declining trend of 
net imports of coal (BP, 2019). In contrast, renewable investments have been far smaller in India and 
SEAO, where investments in extraction and utilization of fossil fuels continue to dominate. Electricity 
transmission and distribution (T&D) network investments were considerable in all three sub-regions, 
indicating tremendous efforts in recent years to electrify the energy infrastructure of developing Asia.   
Given its great development potential, a deep understanding of the possible decarbonization pathways 
of developing Asia and the associated investment needs is therefore imperative, if the world is to fulfill 
the targets of the Paris Agreement and SDGs. To this end, integrated assessment models (IAM) offer a 
suitable tool to accommodate climate policy making in a prospective analytical framework. This study 
employed the state-of-the-art global IAM MESSAGEix-GLOBIOM (hereafter MESSAGE) to design 




four climate policy scenarios aimed at informing policy-makers and other stakeholders regarding the 
shifts in the energy investment landscape that are required in the region to meet the Paris Agreement 
goals, and how these shifts might simultaneously affect the capital requirements for making progress 
on other SDGs. 
2 Literature review 
Many country-level studies have investigated energy and emission scenarios for large emitting 
countries in developing Asia, such as China and India. Yet developing Asia -dedicated research and 
cross-country comparison is absent in terms of emission pathways and investment assessment. A few 
studies have examined the role of Asia as a whole in mitigating climate change, without distinguishing 
the developing countries from the developed ones in the region. For example, the Asia modeling 
exercise (AME), carried out by a group of IAM teams in 2012, conducted cross-model analysis on future 
energy use and emissions in scenarios stressing the effect of urban and rural development, the role of 
technology in emissions mitigation and national climate policies (Blanford et al., 2012; Calvin et al., 
2012; Fujimori et al., 2017). However, the new considerations from the Paris Agreement and the SDGs 
have not been incorporated into these studies, which were undertaken years previously.  
Another ensemble of studies have examined the driving forces underlying the historical development 
of energy and emissions in developing Asia countries, amongst which China’s slowdown in emissions 
growth since 2013 have been investigated by many studies (He, 2017; He et al., 2010; Jackson et al., 
2015; Korsbakken et al., 2016; Mittal et al., 2016; Qi et al., 2016; X. Zhang et al., 2016). In 2014, 
China’s coal use dropped for the first time in two decades, by 2.9% on a yearly basis from 82.4 exajoules 
(EJ) in the previous year, leading to stagnation of the total energy consumption as well as CO2 emissions. 
In 2016, for instance, China’s total primary energy consumption stood at 127.7 exajoules (EJ), just 1.4% 
higher than the year before (China National Bureau of Statistics, 2017). Some literature has discussed 
structural changes in China in depth (Guan et al., 2018; Mi et al., 2017; W. Zhang et al., 2016). This 
decline in coal use also contributed to a significant decrease in global CO2 emissions growth relative to 
the decade prior (Jackson et al., 2015). Some studies argued that China’s coal use may have reached its 
peak because of slowing GDP growth, a structural shift away from heavy industry, and more proactive 
policies on air pollution and clean energy (Qi et al., 2016; Rafaj and Amann, 2018). In contrast with the 
recent slowdown of China’s emissions growth, India and SEAO have still been experiencing a marked 
growing trend of carbon emissions, at annual rates since 2013 of 5.3% and 3.1%, respectively.  
Despite the policy insights gained, the need for forward-looking analysis has not been addressed by 
 
 
these retrospective studies, particularly regarding the commitments made by developing Asia countries 
in the form of their Nationally Determined Contributions (NDC) under the Paris Agreement. These 
commitments include China’s pledge to peak its CO2 emissions by around 2030, making its best effort 
to achieve this goal earlier, and to reduce carbon intensity by 60-65% by 2030 relative to the level in 
2005 (China National Development and Reform Commission, 2015), along with India’s commitment 
to reduce the emissions intensity of its GDP by 33-35% from 2005 levels by 2030 (UNFCCC, 2015). 
Questions regarding the implications of these NDCs for future emissions, and the extent of the gaps 
with the Paris Agreement’s targets of limiting warming to well below 2°C and pursuing efforts to 1.5°C, 
remain unanswered.  
To address these unknowns, this study takes into account four scenarios within the IAM framework, 
namely, ‘Current Polices’ (CPol), ‘Nationally Determined Contributions’ (NDC), ‘Well Below 2 
Degrees’ (2C) and ‘Toward 1.5 Degrees’ (1.5C). A full description of these four scenarios and the 
modeling framework is presented in Section 3. Results on energy consumption and emissions are 
summarized in Section 4, followed by Section 5, which investigates the investment needs for fulfilling 
the low-carbon targets and other SDGs. Section 6 concludes with policy implications. 
 
3 Methods  
3.1 MESSAGE modelling framework 
The IAM framework employed in this study, MESSAGEix-GLOBIOM, is a linear programming (LP) 
energy-economy-environment-engineering (4E) model with global coverage (Fricko et al., 2017; 
Huppmann et al., 2018; Krey et al., 2016). It is widely used for medium- to long-term energy system 
planning, energy policy analysis, and scenario development. The combined MESSAGE framework has 
global coverage and divides the world into 11 regions, among which ‘Centrally Planned Asia and China’ 
(CPA), ‘South Asia’ (SAS) and ‘Other Pacific Asia’ (PAS) cover all the developing Asian countries 
involved in this study. The detailed country definitions of the 11 MESSAGE regions can be found in 
the documentation of the model (Krey et al., 2016). To separate out the results of a single country such 
as China and India from their respective regions, we calculate the country’s contribution to the total of 
the region with respect to GDP per capita over the whole timeframe, and then we multiply these share 
numbers with the variables related to energy consumption, CO2 emissions and investments of the 




and economic composition of different countries. 
The MESSAGE framework’s principal results comprise, among others, estimates of technology-
specific multi-sector response strategies for specific climate stabilization targets, such as well below 
2°C. In the case of decarbonization pathways, the model identifies the least-cost portfolio of mitigation 
technologies, with the choice of the individual mitigation options across regions, fuels and sectors 
driven by the relative economics of the abatement measures, assuming full temporal and spatial 
flexibility (i.e., emissions-reduction measures are allowed to occur when and where they are cheapest 
to implement). Non-energy related investments (e.g. air pollution controls and food security) are not 
directly considered in the MESSAGE cost functions but are rather captured externally.  
For estimating clean water and sanitation investments (SDG Targets 6.1, 6.2, 6.3, 6.4), we use an 
enhanced version of the MESSAGEix-GLOBIOM model that includes a reduced-form representation 
of the water supply sector (Parkinson et al., 2019; Parkinson et al., 2016). For air pollution (SDG Target 
3.9), we use the GAINS model to estimate investments in air pollution control needed to comply with 
current legislation (Amann et al., 2011; Rafaj et al., 2018) . For food security (SDG Target 2.1), we 
calculate the cost of avoiding further increases in those at risk of hunger over and above the baseline 
(Fujimori et al., 2018; Hasegawa et al., 2018). More details on the models and methods are provided in 
the Supplementary Information. 
 
3.2 Scenario definition 
This study presents the results from four climate policy scenarios consistent with the Shared 
Socioeconomic Pathway SSP2, a ‘middle-of-the-road’ narrative for future socio-economic 
development, technological change and challenges to mitigation and adaptation (Fricko et al., 2017; He, 
2017; O’Neill et al., 2017). The four globally comprehensive scenarios under the SSP2 Narrative 
explored in this study were originally defined within the framework of the CD-LINKS project (www.cd-
links.org) . ‘Current Policies’ (CPol) takes into account those energy- and climate-related policies that 
were already implemented by countries as of 2015. It serves as the reference case that reflects early 
efforts towards a low-carbon transition already implemented by policymakers in various parts of the 
world. The other three mitigation scenarios are ‘Nationally Determined Contributions’ (NDC), ‘Well 
Below 2 Degrees’ (2C) and ‘Toward 1.5 Degrees’ (1.5C), in which policies for low-carbon energy, 
energy efficiency and climate change mitigation are progressively tightened. 
 The NDC scenario assumes implementation of NDCs (conditional commitments) by 2030 in each 
 
 
country, followed by an equivalent effort over the post-2030 period. The 2C scenario aims to hold the 
maximum increase in global average temperatures to 2.0 °C (above the pre-industrial level) over the 
course of the twenty-first century with >66% likelihood. Likewise but with higher stringency of 
mitigation policies, the 1.5C scenario aims to limit the temperature increase to 1.5°C in 2100 with >50% 
likelihood (IPCC, 2018; Rogelj et al., 2015). Stylized mitigation policies are included in the form of 
carbon budgets to limit CO2 emissions from fossil fuel and industrial operations (FF&I) to 
approximately 1,000 Gt over the 2011-2100 timeframe. Emissions mitigation (after 2020) occurs where 
and when it is most cost-effective; no burden-sharing regimes are in place. CO2 emissions presented in 
this paper include emissions from fossil fuel combustion and industry, but exclude land use. Cumulative 
CO2 emissions from fossil fuel combustion and industry over the historical period of 2011–2015 were 
roughly 163 billion tons (Gt) (BP, 2019). Model results then show that global cumulative emissions 
over the 2016–2100 timeframe are approximately 900 Gt in the 2C scenario and 309 Gt in the 1.5C 
scenario. Both of these numbers are in the lower half of the ranges in the IAM scenario literature 
(McCollum et al., 2018b). 
 
3.3 Definition of low-carbon energy  
Low-carbon energy in this study includes two aspects. On the supply-side are nuclear, renewables 
(solar, wind, hydro, biomass, geothermal), fossil fuel combustion equipped with carbon capture and 
storage (CCS), and the fraction of the electricity transmission and distribution investments that can be 
attributed to low-carbon electricity generation. On the demand-side is energy efficiency across the three 
end-use sectors (buildings, transport, industry). 
 
4 Energy consumption and CO2 emissions 
4.1 Energy consumption patterns 
Stringent climate policies will have substantial impacts on patterns of energy supply and 
consumption globally, and these developments will undoubtedly constitute the core elements of the 
future energy transformation in developing Asia. Figure 2 illustrates these changes in primary energy 
(extraction and production) and secondary energy (electricity generation) between 2015 and 2050. The 
ranges of the results across six IAMs, including AIM/CGE, IMAGE, MESSAGEix-GLOBIOM, POLES, 




as calculated in this study, are in the middle of the ranges.    
The total magnitude of primary energy supply increases substantially by 32% between 2015 and 
2030, and by 68% between 2015 and 2050 in the CPol and NDC scenarios, as shown in Figure 2, Panel 
(a). In contrast, the 2C and 1.5C scenarios exhibit only a slight increase or stabilization of primary 
energy supply, indicating the trend of energy saving and efficient use alongside socioeconomic 
development. On top of that, fuel composition differs even more significantly across scenarios. In the 
CPol and NDC scenarios, coal still dominates primary energy consumption in 2030 and continues to 
occupy the largest share in 2050, despite a marked decline in absolute terms compared to 2015. On the 
contrary, the 2C scenario sees a pronounced shift toward renewable energy, which ultimately becomes 
a major contributor by 2050. This role is further enhanced in the 1.5C scenario, in which renewable 
energy sources collectively constitute half of total primary energy by 2050.  
Figure 2, Panel (b) provides a detailed breakdown of the evolution of power generation technologies 
over time in the scenarios. In all cases, there is a significant shrinkage of coal without CCS from 2015 
onward. This is true even in the CPol and NDC baselines, though certainly more so in the stringent 2C 
and 1.5C scenarios, which require a much faster coal phase out. In fact, in the 2C and 1.5C scenarios, 
our results indicate that all coal power plants would need to be effectively shut down by 2050, in some 
instances before the end of their useful operating lifetime (i.e. early retirement). A large share of the 
avoided coal power is replaced by natural gas, particularly in the CPol and NDC baselines. In these 
baselines, low-carbon energy slightly increases from 35% in 2030 to 40% in 2050. Then, in the 2C and 
1.5C scenarios, this share rises much faster, reaching 61% and 78% in 2030, respectively; by 2050, the 
electricity mix becomes almost completely dominated by low-carbon technologies. As distribution of 
energy resources in Asia is highly imbalanced, an inter-regional and intra-regional grid connection 
within developing Asia, and also with the rest of the world, could be an important way of realizing large-





Fig. 2 Projected fuel composition of developing Asia’s energy consumption from 2016 to 2050 under 
different scenarios. Panel (a): primary energy consumption, bar values represent the results of 
MESSAGE; bar whiskers give the minimum–maximum ranges across six IAMs (IIASA, 2019). Panel 
(b): electricity generation mix, in which CCS refers to electricity generated from coal, gas and biomass-
fueled power plants with CCS modules.   
 
4.2 CO2 emissions  
Owing to the underlying structural changes on the energy system side, the four scenarios exhibit 
remarkably differentiated CO2 emission pathways, as shown in Figure 3. Emissions across the four 
scenarios follow consistently either increasing pathways (CPol and NDC) or declining trends (2C and 
1.5C). The baseline scenario witnesses a steady increase of emissions to 22,060 Mt/yr in 2050, which 
is only slightly higher than that of the NDC case. In contrast, the emissions in the 2C and 1.5C scenarios 
radically fall to 5,560 and 1,470 Mt/yr in 2050, respectively. It is interesting that the share of developing 
Asia’s annual carbon emissions in the global total remains relatively stable across the four scenarios, 
roughly 40%. Interestingly, the average annual emissions decline rate over the 25-year period between 
2015 and 2040 (–4.4% per year) is very close to the average growth rate over the 25-year period between 
1990 and 2015 (+5.3% per year), with plateauing emission levels over the past several years 
representing this region’s peak over the entire half-century timeframe. 
Moreover, our results suggest the emissions intensity targets set by China and India in their NDCs 
can be reached in the four scenarios. While it is still too early to assert that China’s carbon emissions 
have already reached their peak, many researchers argue the peaking time would come earlier under the 
b. Electricity generation mixa. Primary energy consumption
20502015 2030 20502015 2030
 
 
economic development stage now known as “new normal” (He, 2017). One of the most direct causes is 
that, as some other studies point out, the peak of coal consumption in China may have already been 
reached as a result of economic growth being seemingly decoupled from coal use (IEA, 2018a; Jackson 
et al., 2015; Qi et al., 2016; Qiao et al., 2019), despite coal demand returning to growth slightly in 2017 
and 2018. 
 
Fig. 3 Developing Asia’s projected CO2 emissions to 2050. Panel (a) shows the historical CO2 emissions 
from 1990 to 2017, and the emissions of the scenarios calculated by the model as well, shading areas 
give the minimum–maximum ranges across six IAMs (IIASA, 2019; McCollum et al., 2018b). The 
historical data are obtained from BP statistics (BP, 2019). Panel (b) shows the emissions associated with 
final energy use in building, industry and transportation. Note that the sum of the emissions from these 
three sectors does not equal the total emissions, because a large portion of emissions occur in the process 
of upstream energy conversion, such as electricity generation and oil refining.   
 
a. Total CO2 emissions




Cumulative emissions over the period between 2016 and 2100 reach as high as 2,030 and 1,910 Gt 
respectively in the CPol and NDC cases (Table 1). When constrained by the global carbon budgets for 
the 2°C and 1.5°C targets, emissions would need to drop to 430 Gt and 210 Gt, respectively, accounting 
for 47.5% and 67.3% of total global emissions in those scenarios. The finding that the developing Asia 
share is higher in the 1.5C than the 2C scenario shows that the more stringent the global climate policy, 
the greater the contribution of other countries to global mitigation efforts. As previously discussed, this 
result is driven by the model always searching for the least-cost mitigation measures across all countries 
and regions over the course of the century – and in this particular scenario exercise, without explicit 
consideration of mitigation effort-sharing schemes. One reason why mitigation activities take place 
more in other regions is because developing Asia, as a rapidly growing economy, sees more quickly 
rising labour and capital costs over the next several decades (and thus higher marginal abatement costs) 
relative to other emerging economies. 
 
Table 1 Projected global and developing Asia’s cumulative emissions between 2016 and 2100 
Scenario Developing Asia’s 
cumulative emissions 
between 2016 and 2100 
(Gton) 
Global cumulative 
emissions between 2016 
and 2100 (Gton) 
Developing 
Asia’s share 
CPol 2025  4878 41.2% 
NDC 1911 4605 41.5% 
2C 428 900 47.5% 
1.5C 208 309 67.5% 
 
 
The total volume of emissions in the three final energy sectors grows steadily in the baseline cases, 
but in contrast drops fast in the low carbon scenarios after reaching an initial peak. The ratio of the 
aggregated emissions from the three end-use sectors to the regional total emissions is substantially 
higher in the more stringent scenario. In 2050, this proportion is 52%, 79% and 95% respectively for 
the CPol, 2C and 1.5C scenarios. The results indicate drastic reduction of emissions in the energy 
conversion process in the low carbon scenarios, which is also demonstrated by the comparison of 
secondary energy mix shown in Figure 3, Panel (b).  
 In both the CPol and NDC scenarios, emissions from industry take the largest share over the whole 
period, though this share shrinks substantially, replaced largely by transportation. The absolute volume 
of industrial emissions undergoes a fast decline in the low-carbon scenarios, whereas emissions from 
 
 
the transportation sector remain relatively stable. The building sector, however, contributes the smallest 
portion of emissions among the three, as it features the highest portion of electricity in the energy mix.  
 
5 Investment needs 
5.1 Energy investment needs  
As the world’s largest market for energy investment at present, the volume of investment needed for 
developing Asia’s low-carbon transition is also massive. The average annual investment results are 
shown in Figure 4, in which we separate the timespan into two periods, 2016-2030 and 2031-3050, 
representing the near-term and mid-term futures, respectively. Energy investment in this region reached 
US$ 504 billion in 2015, accounting for 31% of the global total (IEA, 2016). Approximately half of 
these investments went into low-carbon sectors.  
 
 
Fig. 4 Projected energy investments in developing Asia for different periods between 2016 and 2050. 
Panel (a) shows the whole region’s investment needs under the four scenarios for different period. Panel 
(b) shows the investment needs for the three sub-regions, i.e., China, India and SEAO over the period 
between 2016 and 2050.  The investment data for 2015 are obtained from World Energy Investment 
2016 (IEA, 2016), and reorganized to the breakdown categories in this study. 
 
In both future time periods, the magnitude of energy investment is larger in the low-carbon scenarios 
(2C and 1.5C) than in the baseline (CPol and NDC); in particular, there is a remarkable shift towards 
low-carbon investments. For instance, during the period between 2016 and 2030, average annual 
a. Investment needs for developing Asia
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investments in non-biomass renewable electricity (mainly solar and wind) increase from US$ 60 billion 
in CPol to US$ 100 billion in 2C and to US$ 139 billion in 1.5C. This growth of renewables investment 
then becomes even more significant in the later period from 2031 to 2050, from US$ 80 billion in CPol 
to US$ 190 billion in 2C and US$ 260 billion in 1.5C. Another striking change between the two periods 
is the sharp jump in energy efficiency investments in the low-carbon scenarios, which corresponds to a 
much lower final energy demand.  
The results for the three sub-regions show that the current scale of investment into renewables in 
China, if retained for several decades, is consistent with what is needed for a 2°C consistent pathway; 
however, there is still an investment gap for the 1.5C scenario. Moreover, to achieve either the 2°C or 
1.5°C targets, investment into energy efficiency needs to scale up markedly from today. The 
encouraging news is that, thanks to strong supporting policies for low-carbon technologies, investments 
into renewables and energy efficiency have soared over the past decade in parts of developing Asia, 
particularly China. In 2015, the low carbon share in China’s total energy investment was approximately 
51%, notably higher than the global average level of 33% (IEA, 2016), though still below some 
developed economies such as Europe. This level was then maintained in China in 2016 and 2017 (IEA, 
2016,2017,2018b). However, the situation in India and SEAO is different: these countries would require 
significantly higher investment in all the low-carbon sectors in the 2C and 1.5C scenarios. 
 
5.2 Investment needs for other SDGs 
Some studies have indicated that the investments needed to drive forward the energy system 
transformation would also affect the investment requirements for fulfilling other energy-related SDGs 
(Hasegawa et al., 2018). To illustrate these effects using our modelling framework, we select three of 
these SDGs, that is, food security (SDG2), air pollution (SDG3), and clean water (SDG6), and measure 
the incremental investments relative to a reference case where these SDGs are achieved, but in the 
absence of an energy system transformation.  
Figure 5 shows the relative changes of these indicators between 2016 and 2030 that are caused by 
transformations of the energy system consistent with the long-term climate targets of 2°C and 1.5°C. 
The results illustrate that the total capital needs for climate change mitigation (SDG7 – affordable and 
clean energy) are significantly larger than the needs for making progress on other SDGs. It is also of 
note that China tends to dominate the investment needs for the multiple objectives, at least over the 





Fig. 5 Projected investment changes relative to the baseline over the period 2016-3030 for fulfilling the 
SDGs of air pollution, clean water, and food security in the context of an energy system transformation. 
The bars on the left side in each pair represent the investment changes of the 2C scenario relative to the 
CPol baseline; and the bars with hatches on the right side are those relative results for the 1.5C scenarios.  
 
Our calculations demonstrate the considerable synergies between low-carbon investments and the 
capital needs for achieving the air pollution target (SDG 3.9 - By 2030, substantially reduce the number 
of deaths and illnesses from hazardous air pollution), that is, investment volumes of US$ 26 and 63 
billion per year can be saved under the 2C and 1.5C scenarios, respectively. The reason is that clean and 
efficient alternatives (such as solar and wind power, and electric vehicles) obviate the need for investing 
in expensive technologies for air pollution control as required by current legislation (Rafaj et al., 2018). 
On the other hand, water infrastructure is found to be little affected by an energy system transformation. 
Regarding food security, our results show increases of US$ 12 billion and 25 billion per year to subsidize 
food goods in the 2C and 1.5C scenarios, respectively. This is consistent with findings from other studies, 
which point out that climate mitigation policies may also negatively affect food security, due to indirect 
impacts on prices and supplies of key agricultural commodities (Hasegawa et al., 2018; Hasegawa et 
al., 2015; Havlík et al., 2014).  
 
6 Conclusions 
Pursuing the stringent climate targets of the Paris Agreement and also the SDGs requires a 






total primary energy supply could drop by approximately 23% and 31% in 2050 in scenarios that are in 
line with limiting global warming to 2°C and 1.5°C, relative to the baseline case. The decrease is due 
entirely to a phase-out of fossil fuels, as low-carbon sources see increases of 79% and 140% in our 
modeled scenarios, respectively. On top of that, the fuel mix for electricity generation and final energy 
consumption becomes dominated by low-carbon energy.  
This transformation throughout the whole energy system leads to a deep cut in carbon emissions by 
75% and 92% in the 2C and 1.5C scenarios, respectively. To chart the course toward the two targets, the 
scale of investment into low-carbon energy and energy efficiency to 2050 needs to double in the 2C 
scenario and to triple in the 1.5C scenario, from the levels foreseen in the CPol baseline. Our results 
also reveal that low-carbon investment would significantly reduce the capital needs for achieving the 
SDG target for air quality, but would on the other hand increase the investment requirements for clean 
water and food security, though to a much smaller extent. 
Among the three sub-regions, China dominates investments into low-carbon energy over the period, 
whereas the ratio of these investments to GDP is higher in India and SEAO than in China to 2050.  At 
the moment, China is the world’s largest investor in this sector, and in recent years, the country has been 
allocating more than half its total energy investment into low-carbon sectors (IEA, 2018b; IEA and 
IRENA, 2017), notably higher than the global average. The strong supporting policies that the 
government has implemented have been mobilizing a huge amount of investments into low-carbon 
technologies such as renewable energy and energy storage, which drives down the cost of these 
technologies in China (United Nations Envrionment Programme, 2018). Yet, despite these cost 
reductions, the development of many of the low-carbon industries still heavily relies on different forms 
of government fiscal support, such as subsidies or feed-in-tariffs. As a result, there is the risk that the 
investment volumes would probably shrink if these subsidies were weakened or removed, which 
incidentally is found to be happening now (China National Development and Reform Commission, 
2016; China National Development and Reform Commission et al., 2018). This issue is even more 
severe for poorer regions such as India and SEAO. How these regions can mobilize sufficient investment 
to meet the massive gap for realizing low-carbon development in the coming decades remains a key 
question. Measures other than fiscal support (subsidies) should be explored in these contexts, including 
policies supporting green finance. This may help to mobilize a broadened channel of investment, in 
particular from the private sector, institutional investors, pension funds, insurance companies, sovereign 
wealth funds and mutual funds from either domestic or foreign sources (G20 Green Finance Study 
Group, 2017). These financial instruments and the associated investment risks have been widely 
 
 
discussed in the literature in recent years (Campiglio et al., 2018; G20 Green Finance Study Group, 
2017; He, 2017). Making further progress on this front will require closer collaboration between 
researchers and scenario developers, policymakers and financial market participants. Novel and 
practical methodologies such as combining IAMs and other financial assessment tools would also play 
an important role in these efforts (UN Environment Finance Initiative, 2018).  
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